not likely to be compatible with therapeutic protocols for aneurysms in children. In our study we have tried to analyze pediatric intracranial aneurysms to have better insight into the epidemiology, clinicoradiological profile, and outcome.
Methods
From a departmental database we found 63 pediatric patients (≤ 18 years old) who presented to the Department of Neurosurgery at Sanjay Gandhi Institute of Medical Sciences, Lucknow, between January 1991 and June 2011 with clinical and/or radiological features suggestive of intracranial aneurysm (SAH, mass effect, or seizures). All of these patients were admitted and examined, and their condition was scored according to the Hunt and Hess scale. Patients underwent either CTA or DSA studies. Criteria for inclusion in our analysis were as follows: age ≤ 18 years, DSA or CTA studies positive for aneurysm, microsurgical treatment, and at least 1.5 months of follow-up. Criteria for exclusion were as follows: SAH, mass effect, or seizure due to any other cause on presentation; endovascular or conservative treatment choice; and follow-up < 1.5 months
At admission the patients with SAH were graded according to the Hunt and Hess scale. Patients with Grades 0-III were considered to have a good preoperative clinical grade, and those with Grades IV-V were considered to have a poor preoperative clinical grade. Patients who did not present with SAH were considered to have Hunt and Hess Grade 0.
After a diagnosis of aneurysm was established via CTA and/or DSA studies and after explaining in detail the advantages, disadvantages, and risks associated with either of the treatment modalities, patients were offered the option of surgical or endovascular treatment. If they chose the surgical option, they were taken up for microsurgical treatment at the earliest possible time. If they chose endovascular therapy, they were transferred to the interventional neuroradiology unit for further care, and these patients were excluded from the study.
All patients were cared for in the intensive care unit for at least 24 hours postoperatively and longer if the patient's condition demanded it. They were routinely discharged on the 7th postoperative day unless their condition demanded postponement of discharge.
Patients were followed up at 6 weeks, 3 months, and 12 months after surgery and yearly thereafter, and all records in the follow-up were maintained. A follow-up DSA and/or CTA study was performed in patients with complex aneurysms or if the operating surgeon thought it was necessary to look for any residual aneurysm. The mean follow-up was 18.58 ± 10.71 months (range 1.5-44 months). On discharge and at each follow-up, the GOS was used to assess outcome. The scores at discharge and at the latest follow-up were used in our analysis. A GOS score of 5 or 4 was taken to be a favorable outcome, and scores of 3, 2, or 1 were considered unfavorable. Functional assessment was performed using the LPPS 22 at discharge and at each follow-up, and the score at the latest follow-up was used.
Results

Clinical Profile
Of the 63 patients, 3 underwent endovascular treatment (2 had ICA-ophthalmic segment aneurysms and 1 had an aneurysm at the midbasilar artery), 2 had mycotic aneurysms that responded to antibiotic therapy and resolved on follow-up DSA, and 1 patient did not want either surgical or endovascular therapy. Therefore, 57 patients were eligible for inclusion in the study. There was a slight female predominance, with 31 females and 26 males (M/F 1:1.2), and the mean age of all patients was 12.69 ± 3.75 years. There were 10 patients (17.54%) below the age of 10 years, and 47 (82.44%) between the ages of 11-18 years. The clinical profiles of the patients are presented in Table 1 .
The majority of patients (50 [87.72%]) presented with features suggestive of SAH, and only 7 patients (12.28%) presented with either mass effect or seizures. Patients who presented with features other than SAH had a clinical condition labeled Hunt and Hess Grade 0. Among the 50 patients with SAH, 7 also had ICH. Three ICHs were in the occipital lobe, and 2 each were in the frontal and parietal lobes. Among these 7 patients, 3 had a significant ICH size that caused mass effect. Forty-five patients (78.95%) had a good preoperative clinical grade at ad- Among the 7 patients who presented with either mass effect or seizure, 4 had mass effect. Of these 4 patients, 2 presented with ptosis and 2 with features of elevated intracranial pressure. One patient presented with a progressively increasing frequency of absence seizures and retroorbital pain, and 2 patients presented with 1 episode of seizure, and aneurysm was suspected on initial radiological studies.
The most common symptoms were sudden-onset severe headache in 43 patients (75.44%), loss of consciousness in 28 (49.12%), seizures in 20 (35.09%), and photophobia in 3 (5.26%). The most common sign was meningeal irritation in 39 patients (68.42%). Fifteen patients (26.32%) had cranial nerve deficit, 9 (15.79%) had limb weakness, and 2 (3.51%) had homonymous hemianopia (Table 1) . Rebleeding occurred in 26 patients (45.61%).
Distribution of Aneurysms
There were 73 aneurysms in 57 patients, with 11 patients (19.30%) having multiple aneurysms ( Table 2) . Thirty-seven aneurysms (50.68%) were small (< 10 mm), 22 (30.14%) were large (11-25 mm), and 14 (19.18%) were giant (> 25 mm). Of the 14 giant aneurysms, 6 were located in the ICA (2 at the paraclinoid segment and 4 at the bifurcation), 3 in the MCA (2 at the bifurcation and 1 at M 1 ), 2 at the ACoA, and 3 in the basilar artery. Twentyone aneurysms (28.77%) were in the posterior (vertebrobasilar) circulation, and 52 (71.23%) were in the anterior circulation.
The most common aneurysm site was the ICA bifurcation (18 [24.66%]), followed by the MCA bifurcation (11 [15.07%] ). In the ACA distribution, there were 5 aneurysms in the ACoA, 3 in the distal ACA, and 1 in the proximal ACA (A 1 segment). In the MCA distribution, 3 aneurysms appeared in the M 1 segment and 4 in the M 2 segment or distal to it. Two aneurysms were encountered at the ICA-posterior communicating artery junction, 3 in the supraclinoidal segment, and 2 in the paraclinoidal segment. Of the 21 posterior circulation aneurysms, 10 were in the basilar artery, 6 in the anterior inferior cerebellar artery, and 2 each in the V 4 segment and the posterior cerebral artery.
Thirty-eight aneurysms (52.05%) were complex, and among these were 14 giant aneurysms, 11 multiple aneurysms, and 3 distal MCA, 2 fusiform, 2 mycotic, and 6 traumatic lesions (Table 3) .
Among the 57 patients, associated conditions were encountered in 5 (8.77%), with 3 patients having rheumatic heart disease and 2 having coarctation of the aorta with hypertension. Six patients (10.53%) had a history of trauma that required hospitalization.
Treatment and Outcome
Of the 73 surgically treated aneurysms, 69 were clipped, 2 were wrapped (difficult to dissect the aneurysm neck), and 2 were trapped. Giant paraclinoid ICA aneurysms in 2 patients were trapped. Two basilar top aneurysms (fusiform) from which both posterior cerebral arteries originated and had significant adhesions (so the neck could not be defined) were wrapped.
Seven patients underwent ventriculoperitoneal shunt placement in the postoperative period due to significant ventriculomegaly. Three patients demonstrated ACA territory infarcts, and 2 of these patients underwent decompression. Wound infection developed in 2 patients, and one of them had to undergo reexploration and removal of the bone flap for osteomyelitis. Transient diabetes insipidus developed in 2 patients. Vasospasm developed in 11 patients (19.29%) and was responsible for infarction in 3 patients.
At the latest follow-up, 44 patients (77.19%) had a favorable outcome. Of these 44 patients, 40 (90.91%) had had a good preoperative clinical grade. Thirteen patients had an unfavorable outcome, and 9 (69.23%) of them had had a poor preoperative clinical grade.
Five patients (8.77%) died in the course of the study. * AICA = anterior inferior cerebellar artery; ant = anterior; PCA = posterior cerebral artery; PCoA = posterior communicating artery; pst = posterior; seg = segment. An ACA infarct with significant edema developed in 2 patients, and although these patients were treated with the recommended protocol, they could not be saved. The other 3 patients died due to septicemia (ventilator-associated pneumonia developed in all 3). Among the 52 patients who survived, most (36 [69.23%]) were able to perform normal activities without any special care. Among the remaining 16 patients, 8 (15.38%) had mild to moderate restrictions and 8 had moderate to severe restrictions (Table 4) .
Discussion
Intracranial aneurysms in children are rare; 0.5%-4.6% of intracranial aneurysms occur in patients 18 years or younger. 5, 7, 21, 27, [29] [30] [31] [32] 34, 37 In a cooperative study published in 1966, only 41 (0.6%) of 6368 ruptured aneurysms were found in patients younger than 19 years. 25 Several case series in the past 4-5 decades have pointed out that aneurysms in pediatric patients have features that differ from those in their adult counterparts, such as a male predominance, a higher incidence in locations such as the posterior circulation and ICA bifurcation, and greater numbers of giant aneurysms.
2,3,7,9,31 Given the life expectancy of children, curing these lesions should be the ultimate goal. Therefore, the ideal method of treatment in this population is one associated with a low rate of operative morbidity and mortality. Therapy should confer both an immediate and a long-term cure, and angiographic follow-up is essential in determining the long-term effectiveness of any aneurysm treatment.
Epidemiological Issues
Intracranial aneurysms account for less than 5% of the total number of aneurysm cases. 5, 7, 21, 27, [29] [30] [31] [32] 34, 37 It appears that the majority of aneurysms in children are symptomatic, and this finding is supported by the lack of any reports of incidentally detected aneurysms in children during routine autopsy studies. 11, 36 There is also an overall male predominance in pediatric aneurysms; however, what is initially a female predominance (M/F 1:4) reverses in the first 2 years of life, and the male predominance becomes most significant during the ages of 2-5 years (M/F 4:1) and stays constant from ages 5-16 years (M/F 3:2).
1,24 One possible explanation for this predominance in males might be that 14%-39% of pediatric aneurysms are a result of trauma, which is substantially more common among males. 40, 42 The M/F ratio in our study was 1:1.2 with a slight female preponderance. This finding is in contrast to existing literature, in which male predominance is reported, although some series have shown a female predominance.
13 This discrepancy could be attributable to geographical variations. Interestingly, according to the major reported studies (with ≥ 50 cases) on pediatric intracranial aneurysms, it appears that the male predominance may not be as strong as previously thought. 13 Even in perhaps the biggest study of pediatric aneurysms, by Hetts et al., 10 the male dominance was only minimal. The overall M/F ratio was nearly 52%:48%, which is not as high as previously thought (Table 5) .
Clinical Findings
As in adults, children with intracranial aneurysms can present with SAH, headache, direct compressive effects, focal neurological deficits, or seizures. The most common mode of presentation in our series was SAH (50 patients [87.72%]). In general, approximately three-quarters of children present with SAH.
13, 41 The percentage of those presenting with SAH has been variously reported as ranging from 27% by Kakarla et al. 16 (17% aneurysmal SAH and 10% traumatic SAH) to as high as 100% in some series, although the majority of series cite an incidence between 40% and 95%. 13 Children tend to present with better clinical grades than adults and seem to be less susceptible to delayed ischemic deficits due to vasospasm. 4, 30 In our study 45 children (78.95%) presented in good preoperative clinical condition (Hunt and Hess Grades 0-III), whereas 12 (21.05%) presented in poor preoperative clinical condition (Hunt and Hess Grades IV-V). The percentage of children presenting with a good preoperative grade has ranged from as low as 11% to as high as 96%, with the majority of series hovering between 40% and 85%. 13 The reason for the better clinical grade at presentation is unclear but may be attributable to several factors, such as fewer comorbidities and a greater tendency to refer cerebrovascular cases to tertiary care centers. Specific biological features, such as the activity of the nitric oxide synthase pathway and the robustness of leptomeningeal arterial collaterals, may also play a role. In our study the most common symptoms were headache and vomiting; the most common signs were meningeal. Rebleeding occurred in 45.61% of patients and was a significant cause of neurological deterioration. Rebleeding is frequently encountered in pediatric aneurysms and is associated with neurological deterioration. 31, 37 The higher incidence of rebleeding in children, as compared with that in adults, might be because SAH in the pediatric population comes very far down on the list of differential diagnoses for headache, and it is difficult to elicit signs of SAH in children. 21, 27 Moreover, as the pathogenesis in pediatric aneurysms appears to be different from that in their adult counterparts, the congenitally weakened wall and/or vasculopathy in pediatric aneurysms might be responsible for such a high incidence of rebleeding. Another reason for a high rebleed rate in our study might be related to our center being a tertiary care center in which referral delay might play a role. Interestingly, despite such a high incidence of rebleeding, the majority of our patients (nearly 80%) presented with a good preoperative clinical grade and also had a good functional outcome indicating that the rebleeding might not be very significant hemodynamically or that even if it was significant the children were better able to cope with the rebleed.
17,24
Pathogenesis of Aneurysms
In adults, aneurysms are believed to form as a result of multiple risk factors present over the course of an individual's lifespan, for example, family history, age > 50 years, smoking, cocaine use, and hypertension. In childhood, most of these risk factors do not exist, and thus the pathogenesis is believed to be different. 14, 15, 18 Some investigators have proposed that vasculopathy predisposes regions of the cerebral vasculature to aneurysm formation. 24, 38 It has been postulated that in addition to the "offensive factors" leading to the formation and rupture of aneurysms, there may also be "defective defense mechanisms."
23 This latter category includes conditions such as improper spontaneous self-repair of a vessel wall, vessel wall matrix disorders, and systemic and genetic diseases (neurofibromatosis Type 1, Marfan syndrome, Ehlers-Danlos syndrome); in contrast, offensive factors in children would be trauma, infection, and inflammation. 20 In our series 6 patients (10.53%) had a history of trauma that required hospitalization, and associated conditions were encountered in 5 patients (8.77%). Fourteen percent to 39% of pediatric aneurysms are a result of trauma. 40, 42 Classically, a child presents with a hemorrhagic episode 2-4 weeks after the original head injury.
19 It has been reported that 2.5%-10% of childhood aneurysms are a result of infection (due to infective endocarditis or septicemia). 8 In our series, 47 cases (82%) were in the age group of 11-18 years. This fact indicates that the factors-either offensive or defective defense mechanism-takes nearly 10-12 years to cause such a level of damage to the vessel wall to result in aneurysm formation.
Distribution of Aneurysms
The overall location and size of aneurysms in children differ from those in the adult population. There are more aneurysms at the ICA terminus in the pediatric patient compared with those in an adult. In our series the most common site was the ICA bifurcation (24.66%) followed by the MCA bifurcation (15.07%). This finding was consistent with rates in other studies in the literature, with frequencies varying between 11% and 36%. 7, 9, 13, 26, 28, 31 According to various authors, the MCA is also a frequently encountered aneurysm site in children. 9, 13, 26, 28, 29, 31, 37 Moreover, giant aneurysms are fairly common in children, with an overall incidence of nearly 21%. 13 In our study, 14 aneurysms (19.18%) were giant, and this finding was consistent with rates in the literature. Multiple aneurysms were seen in 11 patients (19.29%). Twenty-one aneurysms (28.77%) were located in the posterior (vertebrobasilar) circulation. Various authors have reported an increased incidence of posterior circulation aneurysms, with a reported incidence of 9%-46%. 9, 13, 26, 29, 31, 32 Patient Outcome A wide range of percentages of patients presenting with a good clinical grade have been reported in the literature (11%-96%), 3, 12 although most studies show a range between 30% and 87%, with most on the higher side of this range. 7, 9, 13, 21, 27, [29] [30] [31] [32] 37, 39 The favorable outcome in our study (44 patients [77.19%] ) was comparable to that in other studies in the literature. 4, 21, 30, 31, 33 Among the 52 patients who survived, 20 were able to perform all normal activities including going to school and playing outdoor sports (LPPS Scores 100 and 90). Twenty-one children were able to attend school normally, but they could play outdoor sports for a shorter period of time (LPPS Scores 80 and 70). Three children with scores of 60 were attending school irregularly and were not participating significantly in sports or outdoor activities. Six children were primarily restricted to home (LPPS Scores 20-40). Forty-one (78.85%) of 52 children had a favorable outcome with either normal or near-normal activities. Note that Ferrante et al. 6 hold the view that younger patients withstand surgery better because of greater functional brain capacity and a better vascular status with greater collateralization of the vessels distal to the aneurysm site.
Vasospasm was encountered in 11 patients (19.29%) but caused a major infarct in only 3 patients. Most children usually tolerate vasospasm better than adults. A similar response was the experience of Ostergaard et al., 28 who reported that more than half of vasospasms (53%) were uneventful, and Sharma et al., 35 who reported that 70% of vasospasms were asymptomatic. According to Proust et al., 31 vasospasm was always asymptomatic. The treatment of pediatric cerebral aneurysms poses several challenges. The aneurysms are often complex and require advanced microsurgical and/or endovascular techniques. The risks of recurrence and de novo formation in children are much higher than in the adult population, which is a major concern given the life expectancy of children. The ideal treatment is one that cures the lesion in the long term and should be chosen on an individual basis. 16 Sanai et al. 33 addressed the long-term durability of both treatment modalities, reporting an obliteration rate of 82% and a recurrence rate of 14% after endovascular treatment in 16 patients, as compared with 94% and 0%, respectively, after microsurgery in 13 patients. These authors suggested that microsurgical therapy confers better long-term durability as compared with endovascular treatment. However, the study by Kakarla et al. 16 suggested otherwise. These authors observed a recurrence rate of 8.6% during a follow-up of 5-120 months after microsurgery, and the rate of de novo formation, which occurred as late as 18 years after treatment, was 12%. These differences could be attributed to the larger number of patients in the latter study. Their findings show that both modalities of treatment lead to similar results. Although we did not compare outcomes between the microsurgical procedure and endovascular treatment-as there was no residual aneurysm on control DSA at the postoperative follow-up-the efficacy of microsurgery is proven beyond doubt.
Regardless of whether one chooses aneurysm treatment or observation, children with intracranial aneurysms require follow-up imaging and clinical monitoring, especially given their expected long lifespans during which additional aneurysms could arise or treated aneurysms could recur. Jian et al. 13 proposed that for endovascularly coiled aneurysms, an initial diagnostic and a therapeutic catheter angiography should be performed, with a follow-up catheter angiography in 6 months. If there is no evidence of recanalization at 6 months, then an annual MRA study is done, eventually decreasing to once every 5 years. For surgically clipped aneurysms, initial preoperative and postoperative catheter angiograms are obtained. If no residual aneurysm is noted after clipping, then an MRA study is done annually, eventually decreasing to once every 5 years. With the advent of newer intraoperative imaging modalities like indocyanine green angiography and micro-Doppler study, the need for postoperative angiography might be obviated.
Conclusions
Intracranial aneurysms in pediatric patients are rare, and patients most commonly present with SAH. The ICA and MCA bifurcations appear to be the most common aneurysm sites in children, and there is an increased incidence of posterior circulation and giant aneurysms as compared with that in adult patients. Children tend to present with better clinical grades and have better clinical and functional outcomes than adults. Microsurgery is effective in the obliteration of aneurysms in children.
